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Abstract For the long-term human habitation planned on the Moon and Mars, efficient recy-
cling and supply of essential life-supporting materials will be crucial. Fish aquaculture has been
proposed as a potential source of animal protein in such closed environments. One proposed ap-
proach involves utilizing the nutrients in aquaculture wastewater to cultivate microalgae, which
serve as feed for zooplankton, which in turn become food for fish. To implement this food chain
in a closed space environment, it is critical to determine whether the feed organisms can grow
and reproduce normally under microgravity conditions. Previous studies have investigated the
swimming behavior of the zooplankton Daphnia magna under various gravity conditions us-
ing parabolic flight experiments. The present study aims to clarify how microgravity affects the
feeding rate—an important factor influencing reproduction and growth—of marine zooplankton.
Feeding experiments were conducted using the two marine copepods, Acartia steueri and Tigrio-
pUs japonicus.

Zooplankton samples were collected using a plankton net from Manazuru Port, located in the
western part of Sagami Bay. Adult females of Acartia steueri were identified and selected for use
in the experiments. The microalga Thalassiosira weissflogii, cultured in f/2 medium, was used as
the food source at concentrations sufficient to saturate the feeding rate. Two treatments were pre-
pared: an experimental group containing both algae and copepods, and a control group contain-
ing only algae. These were incubated for 24 hours under two gravity conditions: normal Earth
gravity (1 g) and simulated microgravity (1/1000 g, equivalent to that on the International Space

Station). Microgravity conditions were simulated using a 3D clinostat, which rotates the sample
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in three dimensions to cancel the gravity vector. For the 1 g condition, the containers were kept
stationary in an incubator and manually agitated every 4 hours. After incubation, changes in
algal cell density were measured and feeding rates were calculated. Additionally, chlorophyll a
content in the guts of the copepods was extracted using N,N-dimethylformamide and measured.
Adult female Acartia steueri and Tigriopus japonicus fed on T. weissflogii and produced fecal
pellets under both gravity conditions. Comparison of ingestion rates of 4. steueri and 1. japon-
icus revealed no significant differences between the 1 g and simulated microgravity conditions
(p > 0.05). Similarly, no significant difference was found in the gut chlorophyll a content of 4.
steueri at the end of the experiment (#-test, p > 0.05). These results suggest that, under the con-
ditions tested, A. steueri and T. japonicus can maintain feeding activity comparable to that under

Earth gravity even in a 1/1000 g microgravity environment. Future studies should assess how

microgravity affects other biological processes such as reproduction and growth rates.
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Table 1. Experimental target species of ma-

rine copepod and gravity conditions in the
present study.
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Fig 1. (a) Ingestion rate, (b) clearance rate and (c) gut pigment of adult females in marine copepod

Acatrtia steueri raised under 1 g (Earth gravity) and 1/1000 g (International Space Station gravity)

gravity conditions. No significant difference was detected between conditions (t-test, p>0.05).



49 TN TSR 5555 (2025)

0.0015 ~

(n=3) (n=3) (n=3) (n=3) (n=3)

0.0010

Ingestion rate
(ug-chl. a ind.* day?)

0.0005 A

Clearance rate
(mLind.* day?)
N

0 . l

1/1000g 1g 1g  1/1000 g
(static) (shaker)

Gravity condition

1g 1g
(static) (shaker)
Gravity condition
Fig 2. (a) Ingestion rate and (b) clearance rate of adult females in marine copepod Tigriopus japon-
icus raised under static and agitated conditions at 1 g (Earth gravity), and 1/1000 g (International
Space Station gravity) gravity conditions. No significant difference was detected among condi-

tions (ANOVA, p>0.05).

OH74)V a ZEIZOWTH, ETOFRMHTHEZEIT
RoONZD o7z (Fig 1e)o YL EOFERID, KiF5E
DEBREMHIIBWTIE, 171000 g Df/NETIBRET
HoTh A. steueri & T, japonicus |IFEEH 5 JE % M Bk E
DBRBE R HERF CEHDDLIRIEENT20 4141
BHAEE ORE R ERRA AT T Tl INE T3 25 A2 5 R
FERWLER, MERREENG LB 50
b

s

A WF e O — Hix H A Al Ik B R oF &
(21H03665. 21K14902) (ZXABha s T Fhisnsz,

5| A3k
Endo M, Kakimoto N, Kanemaru S, Saitoh M, Omori K,

Takeuchi T (2011) Proc. SEE Conf., Tokyo, JPN, p.
49.

HEHEN , TR AR (2013) FASHARIZBIT HHFHO L RE
EUNETI DR | Int ] Microgravity Sci Appli 30:
111-119.

TEATERE | SN, PR (1980) VIR RE TR 28
L7zT A7 VAT AD~ I VAFHE 5T % 88 RHifl
fiEi . HASKES25E 46: 499-503.

Frost BW (1972) Effects of size and concentration of

food particles on the feeding behavior of the marine
planktonic copepod Calanus pacificus. Limnol Ocean-
ogr 17:805-815.

Hagiwara A, Kotani T, Yoshida T, Soyano K (2016) Pro-
duction and use of two marine zooplanktons, 7igrio-
pus japonicus and Diaphanosoma celebensis, as live
food for red sea bream Pagrus major larvae. Aquacul-
ture 452: 120-127.

Hansen BW, Buttino I, Cunha ME, Drillet G (2016) Em-
bryonic cold storage capability from seven strains of
Acartia spp. isolated in different geographical areas.
Aquaculture 457: 131-139.

Koga S, Takayama Y, Toda T (2022) Suppression of can-
nibalism in the intertidal copepod Tigriopus japonicus
(Mori, 1932) and improvements in population density
using artificial substrates. Aquac Fish Fish 2: 146-150.

Takayama Y, Hirahara M, Toda T (2021) Bioreactor
cultivation of the planktonic copepod Acartia steueri
Smirnov for egg collection. Aquac Res 52: 5912-5917.

Takayama Y, Yusoff FMD, Toda T (2023) Evaluation of
dietary microalgae in the culture of Acartia steueri
(Copepoda, Calanoida). J Sustain Sci Manag 18: 186—
198.

PrPRER , seEsi | SITER] , SRk, fiF R, /b
FISEER , RERSEIT , AR (1997) PHEHAERE
SHEBR ARG AT L (CERAS) DBAFEIZB 3 A1
7t 1 P AU AT E 28 O 3 . CELSS journal



B B BUNE BRI T COAA T VOB TE L 50

10: 1-4. Tanaka M, Ueda H, Azeta M (1987) Near-bottom cope-

Takatsuji H, Hamasaki K, Toda T, Taguchi, S (1997) Im- pod aggregations around the nursery ground of the
proved technique for the gut fluorescence method in juvenile red sea bream in Shijiki Bay. Bull Japan Soc
a feeding study of small zooplankton. J Plank Res 19: Sci Fish 53: 1537-1544.

159-165.



